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Abstract
Objectives
To investigate the development of post-extraction bacteraemia (PEB) after the prophylactic
use of chlorhexidine (CHX).
Patients and Methods
A total of 201 patients who underwent a tooth extraction were randomly distributed into four
groups: 52 received no prophylaxis (CONTROL), 50 did a mouthwash with 0.2% CHX be-
fore the tooth extraction (CHX-MW), 51 did a mouthwash with 0.2% CHX and a subgingival
irrigation with 1% CHX (CHX-MW/SUB_IR) and 48 did a mouthwash with 0.2% CHX and a
continuous supragingival irrigation with 1% CHX (CHX-MW/SUPRA_IR). Peripheral venous
blood samples were collected at baseline, 30 seconds after performing the mouthwash and
the subgingival or supragingival irrigation, and at 30 seconds and 15 minutes after comple-
tion of the tooth extraction. Blood samples were analysed applying conventional microbio-
logical cultures under aerobic and anaerobic conditions performing bacterial identification
of the isolates.
Results
The prevalences of PEB in the CONTROL, CHX-MW, CHX-MW/SUB_IR and CHX-MWSU-
PRA_IR groups were 52%, 50%, 55% and 50%, respectively, at 30 seconds and 23%, 4%,
10% and 27%, respectively, at 15 minutes. The prevalence of PEB at 15minutes was signifi-
cantly higher in the CONTROL group than in the CHX-MWgroup (23% versus 4%; p = 0.005).
At the same time, no differences were found between CONTROL group and CHX-MW/
SUB_IR or CHX-MW/SUPRA_IR groups. Streptococci (mostly viridans group streptococci)
were the most frequently identified bacteria (69–79%).
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Conclusions
Performing a 0.2% CHXmouthwash significantly reduces the duration of PEB. Subgingival
irrigation with 1% CHX didn’t increase the efficacy of the mouthwash while supragingival irri-
gation even decreased this efficacy, probably due to the influence of these maneuvers on
the onset of bacteraemia.
Clinical Relevance
These results confirm the suitability of performing a mouthwash with 0.2% CHX before tooth
extractions in order to reduce the duration of PEB. This practice should perhaps be extend-
ed to all dental manipulations.
Trial Registration
Clinicaltrials.gov NCT02150031
Introduction
For several decades, the haematogenous spread of bacteria from the oral cavity has been con-
sidered a decisive factor in the pathogenesis of 10% to 15% of episodes of infective endocarditis
(IE), suggesting that certain dental procedures may represent a significant risk factor. A review
of the literature revealed a prevalence of positive blood cultures after dental extractions that
varied between 30% and 76% in children and between 58% and 100% in adults [1]. Although
notable improvements in IE diagnosis and treatment have been made, in-hospital mortality
has changed little in the last four decades; this mortality rate remains close to 20% [2].
Since the AHA published its first protocol for the prevention of IE associated with dental
procedures, numerous expert committees in different countries have drawn up different pro-
phylactic regimens, many of which have subsequently been revised and modified based on sub-
sequent epidemiological and clinical studies [3]. Recently, Dayer et al. [4] demonstrated that
the incidence of IE had increased significantly in England since introduction of the 2008 NICE
guidelines, which recommended that antibiotics should not be prescribed to prevent IE. Facing
this dangerous situation, NICE announced it is to review immediately its guidance on the use
of antibiotics to prevent IE [5].
In 1977, in their protocol for the prevention of IE, the American Heart Association (AHA)
suggested first that disinfection of the gingival sulcus must be performed as a complement to
antibiotic prophylaxis in patients considered to be at risk of IE [6]. This practice was included
by the AHA and adopted by other expert committees such as the British Society for Antimicro-
bial Chemotherapy (BSAC) in subsequent prophylactic regimens [7,8]. In 1992, the BSAC
specified the presentation and concentration of chlorhexidine (CHX) that should be used be-
fore starting the dental procedure: 1% gel at the gingival margin or 0.2% mouthwash for five
minutes [7]. In 1997, the AHA recognised the need to use antiseptic mouthwashes (CHX or
povidone iodine) prior to dental manipulations, although they recommended against the use
of gingival irrigators and against the continuous use of antiseptics in order to avoid the selec-
tion of resistant micro-organisms [8].
In 2006, the BSAC recommended a single mouthwash with 0.2% CHX gluconate (10 ml for
1 minute) before performing dental procedures associated with bacteraemia in patients at risk
of IE [9]. In contrast, in 2007, the AHA did not recommend the use of any antiseptic
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prophylaxis protocol [10]. In 2008, the National Institute for Health and Clinical Excellence
(NICE) of the United Kingdom performed a systematic review of the antimicrobial prophylaxis
protocols for IE and reported that: “CHX used as an oral rinse does not significantly reduce the
level of bacteraemia following dental procedures” [11]. This conclusion was reached after anal-
ysis of numerous studies on the efficacy of prophylaxis with CHX for the prevention of post-
dental manipulation bacteraemia [12–18]. However, those studies presented significant meth-
odological differences not only in the dental procedures performed, but also in the concentra-
tion of CHX applied and the method of application of the antiseptic solution (mouthwash and/
or irrigation), making comparison of the results of the different series difficult [19].
There are few studies that have analysed the efficacy of the mouthwash of 0.2% CHX (the
concentration recommended by the BSAC [9]) in the prevention of post-extraction bacterae-
mia (PEB) [15,17,20–22], the dental procedure associated with the highest risk of bacteraemia
[23]. Despite that some studies evaluated the effect of local irrigation with CHX after different
dental manipulations, only two papers analysed the efficacy of CHX irrigation in preventing
the PEB, one of them with 1% of CHX [13] and the other at a concentration of 0.2% [14]. Only
Yamalik et al. [24] studied the combination of local irrigation of the tooth and mouthwash
with CHX in the prevention of PEB, but with a really low concentration of CHX of only 0.02%.
The objective of this study was to investigate how different application protocols with CHX
condition the prevalence, duration and aetiology of bacteraemia secondary to a simple and
single tooth extraction. The hypothesis established was the following: antiseptic prophylaxis
with CHX could decrease the PEB, and its method of application may have influence on
its efficacy.
Patients and Methods
This was a randomised, double blind parallel study on the efficacy of the CHX for the preven-
tion of the PEB. The project was approved by the Ethics Committee of Clinic Investigation of
Galicia (CEIC, Spain) registered with the number 2008/202. The protocol for this trial and sup-
porting CONSORT checklist are available as supporting information; see S1 CONSORT
Checklist and S1 and S2 Protocols. It was registered in Clinicaltrials.gov with the reference
NCT02150031 and can be accessed at the following URL: http://clinicaltrials.gov/show/
NCT02150031. Due to the big number of patients needed to accomplish the objective of the
study and the technical difficulties, the register was done after the enrollment of the volunteers.
Nevertheless, the authors confirm that all ongoing and related trials for this intervention are
registered. All procedures done in the experiments were oral and written explained to all the
patients. In addition, written informed consent was obtained.
Selection of the study group
The study group was formed of 240 patients attending to the Department of Stomatology and
Maxillofacial Surgery of the Santo Antonio General Hospital (Oporto, Portugal) between 2010
and 2012 needing from a simple and single tooth extraction. The dental interventions were per-
formed under local anaesthesia by the same calibrated clinician. The following exclusion crite-
ria were applied: patients under 18 years of age; antibiotic treatment and/or routine use of oral
antiseptics in the previous three months; and any type of congenital or acquired immunodefi-
ciency or other disease that could favour the onset of infection or haemorrhagic complications.
Applying these criteria, 208 patients were selected and were randomly (using the closed enve-
lope technique) distributed into four groups (Fig 1):
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• Control group (CONTROL group): 52 patients who used no prophylactic regimen.
• CHX mouthwash group (CHX-MW group): 52 patients who performed a mouthwash with
0.2% CHX (10 ml for 1 minute) (Oraldine Perio, Johnson and Johnson, Madrid, Spain) be-
fore the tooth extraction.
• CHX mouthwash/subgingival irrigation group (CHX-MW/SUB_IR group): 52 patients who
performed a mouthwash with 0.2% CHX (10 ml for 1 minute) (Oraldine Perio). After that,
they underwent a subgingival irrigation with 1% CHX on (1.8 ml for 1 minute) the tooth to
be extracted; the irrigation was done with the Heraeus Citoject Intraligamental Syringe (Kul-
zer Heraeus S.A., Madrid, Spain) at six points on each tooth (three points on the vestibular
surface and three on the palatine surface).
• CHX mouthwash/supragingival irrigation group (CHX-MW/SUPRA_IR group): 52 patients
who performed a mouthwash with 0.2% CHX (10 ml for 1 minute) (Oraldine Perio). After
that, they underwent supragingival irrigation with 1% CHX (10 ml for 1 minute) on the
tooth to be extracted; the irrigation was done continuously around the tooth to be extracted
with a conventional syringe of 10 ml (BD Discardit II, Becton Dickinson S.A., Spain).
The mouthwash and subgingival or supragingival irrigation were performed immediately
before injection of the local anaesthetic.
Fig 1. Flow diagram of the study with enrollment, allocation, follow-up and analysis of participants.
doi:10.1371/journal.pone.0124249.g001
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Evaluation of the oral health status
After recording the gender and age of each patient, a single dentist performed an intraoral exam-
ination two days before the intervention, collecting the following information: plaque deposits
(simplified Greene and Vermillion oral hygiene index) [25], calculus deposits (Ramfjord calculus
index) [26], presence of gingival bleeding (Löe and Silness gingival index) [27], depth of gingival
sulcus/periodontal pocket (Ramfjord index) [26], degree of tooth mobility (Ramfjord tooth mo-
bility index) [26], number of caries (including root remnants), and presence of submucosal ab-
scesses, fistulae and periapical foci detected clinically and/or radiologically. Each patient was
assigned an overall oral health status using a scale previously designed and validated by the au-
thors, which incorporates dental and periodontal health criteria [28]. The overall oral health
scale has a score range between 0 ("healthy mouth") and 3 ("diseased mouth"). Furthermore, the
type of tooth extraction and the reason for the extraction were also recorded for each patient.
Characteristics of the anaesthetic technique
Local anaesthesia was administered to all patients using conventional techniques (regional
block and/or infiltration). The anaesthetic employed was lidocaine plus adrenaline (1:100,000)
and not more than two cartridges were used in any patient. The anaesthetic technique and the
tooth extraction were done by a clinician who was not aware of the study design and objectives.
Collection of samples for blood cultures
The prevalence of baseline bacteraemia was determined by collection of a peripheral venous
blood sample (10 ml) from each patient before performing any manipulation. The prevalence
of bacteraemia secondary to a mouthwash alone, a mouthwash/subgingival irrigation and a
mouthwash/supragingival irrigation was determined by the collection of a peripheral blood
sample (10 ml) 30 seconds after each of these actions. Further samples (10 ml) were drawn 30
seconds and 15 minutes after completion of the tooth extraction in order to determine the
prevalence and duration of PEB (Fig 2).
Intravenous access was established using an 18–22 gauge "angiocath" catheter (Becton Dick-
inson, Sparks, MD, USA) inserted in the antecubital fossa or dorsum of the hand after disinfec-
tion of the area with alcohol and povidone iodine. The catheter was flushed with 3 ml of saline
after each extraction and the first 2 ml of blood were discarded. Equal volumes of each sample
were inoculated into two bottles containing aerobic and anaerobic culture media (Bactec Plus,
Becton Dickinson), and the bottles were immediately transferred to the laboratory. The whole
process of manipulation and transport of the samples were performed in accordance with the
recommendations of the Spanish Society of Infectious Diseases and Clinical Microbiology [29].
Microbiological analysis of the blood cultures
The blood samples were injected into the blood culture bottles, being processed in the Bactec
9240 (Becton Dickinson). Gram stain was performed on all positive cultures. The positive aero-
bic blood cultures were subcultured on blood agar and chocolate agar in an atmosphere with
5%-10% CO2, and on MacConkey agar under aerobic conditions. The same protocol was used
for the positive anaerobic blood cultures but included subculture on Schaedler agar and incuba-
tion under anaerobic conditions. The bacteria isolated were identified using the battery of bio-
chemical tests provided by the Vitek system (bioMérieux Inc., Hazelwood, Missouri, USA) for
gram-positive bacteria, Neisseria spp./Haemophilus spp. and obligate anaerobic bacteria. Ap-
plying the Ruoff criteria [30], Streptococcus viridans were classified into five groups:mitis, angi-
nosus,mutans, salivarius and bovis.
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Statistical analysis
To calculate an "a priori" sample size, the following statistical criteria were established: an effect
size of 0.3, an alpha error of 0.04 and a statistical power of 95%. Assuming these criteria and
the possible application of the Chi-squared test, a sample size of 50 subjects per group was re-
quired (a total of 200 subjects). We established an effect size of 0.3, which means we could de-
tect differences greater than 18% between the prevalence of PEB in the “control group” and the
“treated group”. The sample size calculation was performed using the program GPower 3.1.5.
The results were analysed using the PASW statistical package version 21 for Windows
(SPSS Inc., Chicago, USA) by an investigator who was blinded to the type of interventions ana-
lysed. Comparison of the prevalence of baseline bacteraemia with the prevalence detected after
the different applications of CHX was performed using the McNemar test. Comparison of the
prevalence of PEB at 30 seconds and 15 minutes after the tooth extraction between the different
groups (control, CHX-MW, CHX-MW/SUB_IR and CHX-MW/SUPRA_IR) was performed
using 4x2 contingency tables and the Chi-squared test. A p value less than 0.05 was considered
statistically significant. Only in the case in which it was proved heterogeneity (association) be-
tween the different groups (this only happened in the prevalence of PEB at 15 minutes), 2x2
contingency tables were analysed using the Chi-squared test with Bonferroni correction. For
pairwise comparisons, a p value less than 0.008 was considered statistically significant.
Basing on previous recommendations [31,32], an intention-to-treat (ITT) analysis was
performed and afterwards these results were compared with those obtained in the analysis
excluding missing data; in the present study, there were missing data of 7 subjects. In an
ITT analysis, all randomized patients are included in the analysis in their assigned groups
Fig 2. Protocol for the collection of blood samples for microbiological processing.
doi:10.1371/journal.pone.0124249.g002
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regardless of all considerations, including whether they in fact received the designated inter-
vention [31,32]. In the ITT analysis, the strategy applied for dealing with missing data was
the “extreme case analysis” [32], in which all missing subjects had negative blood cultures
(at baseline and post-manipulation).
Results
From the initial study group of 208, seven of them were lost, leaving a final number of 201 par-
ticipants. The lost volunteers were one of them from the CHX-MW/SUB_IR, two in
CHX_MW and four patients in CHX-MW/SUPRA_IR. Five of the patients were lost because
of the impossibility to do a blood collection due to arteriospasm. Besides, one patient was ex-
cluded of the analysis for a possible blood sample contamination. In the group of CHX_MW/
SUB_IR, an additional subject was lost due to the impossibility to do a subgingival irrigation
motivated by the lack of keratinized gum surrounding the tooth (Fig 1). The clinical character-
istics of the four groups were detailed in Table 1 (primary data in S1 Dataset).
The prevalence of bacteraemia at baseline was 2%. The prevalences of bacteraemia second-
ary to the CHX-MW, to the CHX-MW/SUB_IR and to the CHX-MW/SUPRA_IR were 4%,
12% and 6%, respectively. The differences in the percentage of positive blood cultures at base-
line and immediately after subgingival irrigation showed a trend to statistical significance
(p = 0.063).
The prevalences of PEB at 30 seconds after tooth extraction were similar between the differ-
ent groups: 52% in the CONTROL group, 50% in the CHX-MW group, 55% in the CHX-MW/
SUB_IR group and 50% in the CHX-MW/SUPRA_IR group (Fig 3, primary data in S1 Dataset);
these results were independent of the score of overall oral health previously established. There
were statistically significant differences in the prevalence of PEB at 15 minutes after tooth ex-
traction between the four study groups (p = 0.004). In 2x2 contingency tables, this prevalence
was significantly higher in the CONTROL group than in the CHX-MW group (23% versus 4%;
p = 0.005). However, no differences were found between the CONTROL group and either the
Table 1. Clinical characteristics of the four study groups.
CLINICAL MEASURES STUDY GROUPS
TOTALn (%) CONTROLn (%) CHX-MWn (%) CHX-MW/SUB_IRn (%) CHX-MW/SUPRA_IRn (%)
Age (mean ± SD) 46.7 ± 16.7 42.4 ± 17.8 48.7 ± 17.0 48.7 ± 17.1 47.4 ± 14.4
Gender
Men 87 (43.3%) 21 (40.4%) 14 (28.0%) 25 (49.0%) 27 (56.2%)
Women 114 (56.7%) 31 (59.6%) 36 (72.0%) 26 (51.0%) 21 (43.8%)
Oral Health
Grade 0 15 (7.5%) 9 (17.3%) 2 (4.0%) 2 (3.9%) 2 (4.2%)
Grade 1 68 (33.8%) 19 (36.6%) 12 (24.0%) 18 (35.3%) 19 (39.5%)
Grade 2 95 (47.3%) 22 (42.3%) 25 (50.0%) 23 (45.1%) 25 (52.1%)
Grade 3 23 (11.4%) 2 (3.8%) 11 (22.0%) 8 (15.7%) 2 (4.2%)
Tooth Extracted
Incisor or Canine 47 (23.4%) 9 (17.3%) 13 (26.0%) 9 (17.6%) 16 (33.3%)
Premolar or Molar 154 (76.6%) 43 (82.7%) 37 (74.0%) 42 (82.4%) 32 (66.7%)
Reason for Extraction
Periodontitis 37 (18.4%) 6 (11.5%) 16 (32.0%) 7 (13.7%) 8 (16.7%)
Caries or others 164 (81.6%) 46 (88.5%) 34 (68.0%) 44 (86.3%) 40 (83.3%)
SD = standard deviation.
doi:10.1371/journal.pone.0124249.t001
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CHX-MW/SUB_IR group (23% versus 27%) or the CHX-MW/SUPRA_IR group (23% versus
10%). No significant differences were detected between the CHX-MW and CHX-MW/SUB_IR
groups in the percentage of positive post-extraction blood cultures at 15 minutes after tooth ex-
traction (4% versus 10%). On the contrary, the prevalence of PEB at 15 minutes was significantly
lower in CHX-MW group in comparison to that detected in the CHX-MW/SUPRA_IR group
(4% versus 27%; p = 0.002).
Fig 3. Prevalence of bacteraemia at baseline, after the mouthwash with 0.2% CHX, after a mouthwash with 0.2% CHX/subgingival irrigation with
1% CHX, after a mouthwash with 0.2% CHX/supragingival irrigation with 1% CHX and after tooth extraction in the four study groups: CONTROL
group (n = 52 patients), CHX-MW group (n = 50 patients), CHX-MW/SUB_IR group (n = 51 patients) and CHX-MW/SUPRA_IR group (n = 48 patients).
doi:10.1371/journal.pone.0124249.g003
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The results derived from the ITT analysis were similar to those obtained in the analysis ex-
cluding missing data, mainly due to the low number of cases with missing data (only 7 subjects).
Table 2 shows the principal groups of bacteria identified in the positive blood cultures in the
CONTROL, CHX-MW, CHX-MW/SUB_IR and CHX-MW/SUPRA_IR groups. Streptococci
(particularly the S. viridans) were the most frequently identified bacteria in the positive blood
cultures, with percentages that varied between 69% (in the CHX-MW/SUPRA_IR group) and
79% (in the CHX-MW/SUB_IR group). S. viridans were predominantly S.mitis group in the
majority of groups (43% in the CONTROL group, 46% in the CHX-MW group and 59% in the
CHX-MW/SUPRA_IR group). With the exception of the CHX-MW/SUPRA_IR group, the
frequency of obligate anaerobic bacteria was similar in the remaining groups, with 11% in the
CONTROL group, 12% CHX-MW/SUB_IR group and 17% in the CHX-MW group.
Discussion
The onset of an episode of bacteraemia constitutes an essential phase in the pathogenesis of cer-
tain focal infections of possible oral origin, such as IE [23,33]. At the present time, there is debate
within the scientific community about the suitability of antibiotic prophylaxis protocols for the
prevention of IE secondary to dental manipulations [34,35]. This situation is due to major contro-
versies regarding the risk of developing IE of oral origin, the clinical repercussions of bacteraemia
of oral origin, and the effectiveness of antibiotic prophylaxis in terms of risk- and cost-benefit
[19,35].
Table 2. Prevalence of bacteria identified in the positive blood cultures in the CONTROL group (n = 46 isolates), CHX-MW group (n = 35 isolates),
CHX-MW/SUB_IR group (n = 33 isolates) and CHX-MW/SUPRA_IR group (n = 42).
BACTERIA CONTROL% of isolates CHX-MW% of isolates CHX-MW/SUB_IR% of isolates CHX-MW/SUPRA_IR% of isolates
Streptococcus spp. 72 71 79 69
Staphylococcus spp. 6 0 0 2
Neisseria spp. 2 0 0 7
Obligate anaerobes 11 17 12 2
HACEK Group 0 6 0 2
Other bacteria 9 6 9 17
CHX = chlorhexidine; MW = mouthwash; SUB = subgingival; SUPRA = supragingival; IR = irrigation; HACEK Group = acronymic designation for a group
of gram-negative bacteria that includes Haemophilus spp., Actinobacillus actinomycetemcomitans, Cardiobacterium hominis, Eikenella corrodens and
Kingella spp.
Forty six isolates in the CONTROL group blood cultures
33 viridans group streptococci (20 S. mitis group, 6 S. anginosus group, 3 S. mutans group, 3 S. salivarius group and 1 S. bovis group); 3 Staphylococcus
spp. (1 S. hominis and 2 S. simulans); 1 Neisseria spp. (1 N. cinerea); 5 obligate anaerobes (2 Propionibacterium spp. [1 P. acnes, 1 Propionibacterium
spp.], 1 Peptostreptococcus spp., 1 Fusobacterium spp. and 1 Bacillus spp.); and 4 other bacteria (2 Actinomyces spp. and 2 Micrococcus spp.).
Thirty five isolates in the CHX-MW group blood cultures
24 viridans group streptococci (16 S. mitis group, 4 S. anginosus group, 2 S. mutans group and 2 S. salivarius group) and 1 Streptococcus non-viridans
group; 6 obligate anaerobes (2 Prevotella spp., 2 Fusobacterium spp., 1 Eubacterium spp. and 1 Bacillus spp.); 2 HACEK group (2 Eikenella spp.); and 2
other bacteria (2 Actinomyces spp.).
Thirty three isolates in the CHX-MW/SUB_IR group blood cultures
25 viridans group streptococci (9 S. mitis group, 10 S. anginosus group and 6 S. salivarius group) and 1 Streptococcus non-viridans group; 4 obligate
anaerobes (1 Peptostreptococcus spp., 1 Prevotella spp., 1 Fusobacterium spp. and 1 Bacillus spp.); and 3 other bacteria (3 Actinomyces spp.).
Forty two isolates in the CHX-MW/SUPRA_IR group blood cultures
29 viridans group streptococci (25 S. mitis group, 2 S. anginosus group and 2 S. salivarius group); 1 Staphylococcus spp. (coagulase-negative); 3
Neisseria spp. (3 N. sicca); 1 obligate anaerobe (1 Bacillus spp.); 1 HACEK group (1 Haemophilus spp.) and 7 other bacteria (1 Corynebacterium spp. and
6 Actinomyces spp.).
doi:10.1371/journal.pone.0124249.t002
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The principal objective of prophylaxis with local antiseptics is to reduce the bacterial load
present in the oral cavity at the time of starting the manipulation, in order to minimise the risk
of developing a bacteraemia [36,37]. At the present time, further scientific evidence of the effi-
cacy of the prophylactic CHX regimens and the investigation of new antiseptic protocols [19]
is required. This is not only to establish the suitability of use of this antiseptic as a complemen-
tary measure, but also possibly to establish what could be a future alternative to antibiotic pro-
phylaxis. To best of authors´ knowledge, any other study in the literature has determined
whether the effect of a mouthwash with 0.2% CHX on the prevalence of PEB could be en-
hanced by the addition of irrigation with CHX, being this the first study which evaluates three
different types of applications of CHX (mouthwash, mouthwash plus subgingival irrigation
and mouthwash plus supragingival irrigation).
There are few studies in the literature on the efficacy of CHX mouthwash for the prevention
of PEB [13–15,17,18,20–22,24,38]. Recent studies fromMaharaj et al. [20] and Duvall et al.
[38] didn’t find significant differences in the prevalence of PEB between doing or not a prophy-
lactic mouthwash with 0.2% and 0.12% CHX, respectively, being in the latter even higher than
placebo [38]. On the other hand, Tomás et al. [17] investigated the effect of “passive lavage”
with 0.2% CHX for 1 minute on the prevalence of PEB in a series of physically and/or mentally
disabled patients undergoing tooth extractions under general anaesthesia. Compared to the
control group, the results revealed that the application of antiseptic prophylaxis produced a sig-
nificant reduction in the percentage of positive post-extraction blood cultures detected at 30
seconds (96% versus 79%). In the present series, the 0.2% CHXmouthwash (10 ml for 1 min-
ute) had no effect on the prevalence of PEB at 30 seconds. The discrepancies observed between
the two studies could be due to methodological differences between the mouthwash techniques
used (“passive” lavage with 50–60 ml versus “active” mouthwash with 10 ml) or to possible
local changes provoked by certain anaesthetic agents used in general anaesthesia [39].
Some authors [16] considered that the inefficacy of antiseptic prophylaxis in the prevention
of PEB could be because the mechanical action of rinsing might favour the passage of oral bac-
teria into the bloodstream. However, there is no reference to support the hypothesis [40] that
the mechanical action of rinsing can cause bacteraemia. In the present series, the CHX mouth-
wash didn’t induce episodes of bacteraemia (only 4% of the patients presented positive post-
mouthwash blood cultures compared to 2% at baseline).
In a series previously published by Tomás et al. [17], the effect of “passive lavage” with 0.2%
CHX (0.2% for 1 minute) was investigated not only on the prevalence of PEB but also on its du-
ration (at 15 minutes and 1 hour after completion of the intervention). Compared to the con-
trol group, there was a significant reduction in the duration of PEB after the application of
antiseptic prophylaxis (at 15 minutes = 64% versus 30% and at 1 hour = 20% versus 2%) [17].
Recently, Ugwumba et al. [22] found that doing a mouthwash with 0.2% CHX produced a re-
duction in the prevalence of bacteraemia in regard with the no prophylaxis group (27.1% versus
52.4%) in the first 15 minutes after the tooth extraction. Coinciding with these results [22], in
the present series the 0.2% CHXmouthwash significantly reduced the duration of the bacterae-
mic episode (the percentage of positive post-extraction blood cultures detected at 15 minutes
changed from a 23% in the control group to a 4% in the mouthwash group).
It has been stated that supra- and subgingival plaque represents the principal microbial
niche for the development of PEB [13,14]. A number of in vivo series have demonstrated the el-
evated antimicrobial activity of 0.2% CHX on supragingival plaque [41,42]. Although a single
mouthwash with CHX doesn’t reach the apical border of the subgingival plaque in the gingival
sulcus or in the periodontal pocket [43], some authors have demonstrated a bactericidal effect
of a CHXmouthwash on the subgingival microbiota [44]. Thus, in agreement with results pre-
viously reported by other authors using other antiseptics [45], a mouthwash with 0.2% CHX
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could favour a reduction in the size of the bacterial inoculum that enters the bloodstream dur-
ing tooth extraction, facilitating its rapid elimination by the immune system. This would ex-
plain the results obtained in the present study on the effect of a mouthwash with 0.2% CHX on
the duration of PEB.
There are few studies in the literature that have investigated the efficacy of subgingival irri-
gation with CHX for the prevention of PEB [13,14,24]. MacFarlane et al. [13] and Rahn et al.
[14] detected a significantly lower prevalence of bacteraemia associated with certain dental ma-
nipulations in those patients on whom irrigation of the gingival sulcus was performed with dif-
ferent antiseptics (CHX or povidone iodine). These authors [13,14] suggested that the
reduction in the prevalence of post-dental manipulation bacteraemia was due to the bactericid-
al action of the antiseptics rather than the mechanical effect of the irrigation. In the design of
these studies, the patients held the antiseptic solution in the oral cavity for 2 minutes after sub-
gingival irrigation [13,14,24], whereas the patients in the present series first performed the
mouthwash with 0.2% CHX (10 ml for 1 minute) and then underwent subgingival irrigation
with 1% CHX. The results of the present series showed that the combination of the mouthwash
with subgingival irrigation didn’t reduce the prevalence of PEB (at 30 seconds) neither its dura-
tion (at 15 minutes) compared to mouthwash alone or no antiseptic prophylaxis.
The degree of penetration of CHX into the gingival sulcus and its antibacterial effect could
be determined by various factors, such as the presence of subgingival calculus, the type of irri-
gation tip used and even the way the tip is positioned over the gingival sulcus [46]. An impor-
tant methodological difference between the present series and previous studies that may have
affected the results obtained was detected. In the studies by McFarlane et al. [13] and Yamalik
et al. [24] the irrigation was performed with a plastic syringe and a blunt-tipped needle, irrigat-
ing with a total volume of 10 ml of antiseptic. In the present series, the subgingival irrigation
was performed with an intraligamental anaesthesia syringe, which permits to control the force
of application and the volume of CHX applied at each point (six points per tooth), and the
total volume of CHX used, which was of approximately 2 ml.
It has been stated that the most effective method of application of an antiseptic to reduce
the prevalence of post-dental manipulation bacteraemia is irrigation of the gingival sulcus
prior to the dental treatment [14,47]. However, in 1997, the AHA recommended against the
application of antiseptics by means of gingival irrigators [8], probably assuming that subgingi-
val irrigation could favour the passage of oral bacteria into the bloodstream. However, few
studies have been published on this subject and their results are contradictory. Witzenberger
et al. in 1982 [48] and Lofthus et al. in 1991 [49], investigated the prevalence of bacteraemia
secondary to subgingival irrigation in patients with periodontal pockets4 mm and macro-
scopic bleeding. While Witzenberger et al. [48] detected no positive post-irrigation blood cul-
tures with povidone iodine, Lofthus et al. [49] reported bacteraemia in 30% of cases (6 of 20
patients) at 2 minutes after completing the irrigation, and found no significant differences be-
tween the use of CHX or sterile water as the irrigation solution; it should also be noted that,
prior to the irrigation, Lofthus et al. detected a 10% prevalence of baseline bacteraemia (2 of 20
patients). In the present series, the subgingival irrigation also produced an important increase
in the prevalence of bacteraemia compared to the baseline from 2% to 12%.
Any study about the prevalence of PEB after supragingival irrigation has been found. In the
present series, a mouthwash with 0.2% CHX plus supragingival irrigation with a continuous
flow of 1% CHX, all around the tooth to be extracted, didn’t reduce the prevalence of PEB (at
30 seconds) neither its duration (at 15 minutes). Conversely, the CHX-MW was more effective
at reducing bacteraemia than the CHX-MW/SUPRA_IR protocol 15 minutes after the tooth
extraction. These differences probably were due to the supragingival irrigation flow disturbed
the supragingival plaque attached to the tooth. These free bacteria may be more susceptible to
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come into the alveolus after dental extraction than when they are embedded in the structured
dental plaque biofilm.
In numerous studies on bacteraemia secondary to tooth extractions, Streptococcus viridans
were the bacteria most frequently isolated in the post-extraction blood cultures, accounting
from 60% to 75% of all bacteria identified [15,33,50]. In agreement with those results, approxi-
mately 69%-79% of the isolates were of Streptococcus spp. in the present study, with a predomi-
nance of viridans group streptococci (S.mitis group). According to Parahitiyawa et al. [23], the
absence of bacterial diversity in bacteraemia of oral origin is probably due to the presence of
virulence factors that favour the entry of certain bacteria into the bloodstream and rapid bacte-
rial clearance by host defence mechanisms, as well as the low level of detection of certain patho-
gens by the conventional methods typically used in clinical laboratories. Nowadays, some
authors have shown the limitations of the culture technique to identify the bacterial diversity of
PEB [51]. Recently, Benítez-Paez et al. [51] using pyrosequencing of 16S rRNA genes, detected
an extraordinarily high bacterial diversity of PEB in contrast with conventional culture-depen-
dent methods. However, this molecular technique underestimated the prevalence and duration
of PEB, probably because the low bacterial load present in blood samples, thus limiting the re-
covery of the DNA required for PCR amplification.
In conclusion, a 0.2% CHX mouthwash (10 ml for 1 minute) significantly reduced the dura-
tion (at 15 minutes) of bacteraemia secondary to tooth extraction under local anaesthesia. Sub-
gingival irrigation with 1% CHX didn’t increase the efficacy of the mouthwash while
supragingival irrigation even decreased this efficacy, probably due to the influence of these ma-
neuvers on the development of bacteraemia. These results confirm the suitability of performing
a mouthwash with 0.2% CHX before tooth extractions in order to reduce the duration of PEB.
This practice should perhaps be extended to all dental manipulations.
Supporting Information
S1 CONSORT Checklist. CONSORT Checklist of the present study.
(DOCX)
S1 Dataset. Primary data table.
(XLSX)
S1 Protocol. Trial Protocol of the study. Post-tooth extraction bacteraemia: a randomized
clinical trial on the efficacy of chlorhexidine prophylaxis.
(DOCX)
S2 Protocol. Trial Protocol of the study (original version in Spanish). Post-tooth extraction
bacteraemia: a randomized clinical trial on the efficacy of chlorhexidine prophylaxis.
(DOCX)
Author Contributions
Conceived and designed the experiments: MA IT. Performed the experiments: MB BA. Ana-
lyzed the data: IT MACDC. Contributed reagents/materials/analysis tools: MA. Wrote the
paper: IPL IT.
References
1. Tomás I, Álvarez M. Pathogenesis of endocarditis: bacteraemia of oral origin. In: Breijo-Márquez FR,
editor. Endocarditis. Croacia: InTech; 2012. pp. 19–50.
Post-Extraction Bacteraemia and Efficacy of Chlorhexidine
PLOS ONE | DOI:10.1371/journal.pone.0124249 May 8, 2015 12 / 15
2. Slipczuk L, Codolosa JN, Davila CD, Romero-Corral A, Yun J, Pressman GS, et al. Infective endocardi-
tis epidemiology over five decades: a systematic review. PLoS One 2013; 8: e82665. doi: 10.1371/
journal.pone.0082665 PMID: 24349331
3. Tomás I, Álvarez M. History of antimicrobial prophylaxis protocols for infective endocarditis secondary
to dental procedures. In: Kerrigan SW, editor. Recent advances in infective endocarditis. Croacia:
InTech; 2013. pp. 53–84.
4. Dayer MJ, Jones S, Prendergast B, Baddour LM, Lockhart PB, Thornhill MH. Incidence of infective en-
docarditis in England, 2000–13: a secular trend, interrupted time-series analysis. Lancet. 2014. Avail-
able: http://press.thelancet.com/endocarditis.pdf.
5. National Institute for Health and Care Excellence. NICE to review its guidance on the use of antibiotics
to prevent infective endocarditis. 2014 Nov 18 [cited 23 December 2014]. In: NICE [Internet]. [about 2
screens]. Available: http://www.nice.org.uk/news/press-and-media/nice-to-review-its-guidance-on-the-
use-of-antibiotics-to-prevent-infective-endocarditis
6. Kaplan EL. Prevention of bacterial endocarditis. Circulation 1977; 56: 139A–143A. PMID: 324659
7. Simmons NA, Ball AP, Cawson RA, Eykyn SJ, Littler WA, McGowan DA, et al. Antibiotic prophylaxis
and infective endocarditis. Lancet 1992; 339: 1292–1293. PMID: 1349681
8. Dajani AS, Taubert KA, Wilson W, Bolger AF, Bayer A, Ferrieri P, et al. Prevention of bacterial endocar-
ditis. Recommendations by the American Heart Association. JAMA 1997; 277: 1794–1801. PMID:
9178793
9. Gould FK, Elliott TS, Foweraker J, Fulford M, Perry JD, Roberts GJ, et al. Guidelines for the prevention
of endocarditis: report of theWorking Party of the British Society for Antimicrobial Chemotherapy. J
Antimicrob Chemother. 2006; 57: 1035–1042. PMID: 16624872
10. WilsonW, Taubert KA, Gewitz M, Lockhart PB, Baddour LM, Levison M, et al. Prevention of infective
endocarditis: guidelines from the American Heart Association: a guideline from the American Heart As-
sociation Rheumatic Fever, Endocarditis, and Kawasaki Disease Committee, Council on Cardiovascu-
lar Disease in the Young, and the Council on Clinical Cardiology, Council on Cardiovascular Surgery
and Anesthesia, and the Quality of Care and Outcomes Research Interdisciplinary Working Group. Cir-
culation 2007; 116: 1736–1754. PMID: 17446442
11. National Institute for Health and Clinical Excellence. Prophylaxis against infective endocarditis: antimi-
crobial prophylaxis against infective endocarditis in adults and children undergoing interventional pro-
cedures. NICE. 2008; clinical guideline n°64. Available: http://www.nice.org.uk/guidance/cg64/
evidence/cg64-prophylaxis-against-infective-endocarditis-full-guidance2.
12. Jokinen MA. Prevention of postextraction bacteremia by local prophylaxis. Int J Oral Surg. 1978; 7:
450–452. PMID: 102600
13. Macfarlane TW, Ferguson MM, Mulgrew CJ. Post-extraction bacteraemia: role of antiseptics and antibi-
otics. Br Dent J. 1984; 156: 179–181. PMID: 6584133
14. Rahn R, Schneider S, Diehl O, Schafer V, Shah PM. Preventing post-treatment bacteremia: comparing
topical povidone-iodine and chlorhexidine. J Am Dent Assoc. 1995; 126: 1145–1149. PMID: 7560572
15. Lockhart PB. An analysis of bacteremias during dental extractions. A double-blind, placebo-controlled
study of chlorhexidine. Arch Intern Med. 1996; 156: 513–520. PMID: 8604957
16. Brown AR, Papasian CJ, Shultz P, Theisen FC, Shultz RE. Bacteremia and intraoral suture removal:
can an antimicrobial rinse help?. J Am Dent Assoc. 1998; 129: 1455–1461. PMID: 9787543
17. Tomás I, Álvarez M, Limeres J, Tomás M, Medina J, Otero JL, et al. Effect of a chlorhexidine mouth-
wash on the risk of postextraction bacteremia. Infect Control Hosp Epidemiol. 2007; 28: 577–582.
PMID: 17464918
18. Rechmann P, Seewald M, Strassburg M, Naumann P. [Incidence of bacteremia following extractions—
a double blind study on local disinfection using chlorhexidine]. Dtsch Zahnarztl Z 1989; 44: 622–624.
PMID: 2639069
19. Tomás I, Limeres J, Diz P. Confirm the efficacy. Br Dent J. 2008; 205: 3. doi: 10.1038/sj.bdj.2008.738
PMID: 18791553
20. Maharaj B, Coovadia Y, Vayej AC. A comparative study of amoxicillin, clindamycin and chlorhexidine in
the prevention of post-extraction bacteraemia. Cardiovasc J Afr. 2012; 23: 491–494. doi: 10.5830/
CVJA-2012-049 PMID: 23108516
21. Tuna A, Delilbasi C, Arslan A, Gurol Y, Tazegun Tekkanat Z. Do antibacterial mouthrinses affect bacter-
aemia in third molar surgery?. A pilot study. Aust Dent J. 2012; 57: 435–439. doi: 10.1111/adj.12003
PMID: 23186567
22. Ugwumba CU, AdeyemoWL, Odeniyi OM, Arotiba GT, Ogunsola FT. Preoperative administration of
0.2% chlorhexidine mouthrinse reduces the risk of bacteremia associated with intra-alveolar tooth
Post-Extraction Bacteraemia and Efficacy of Chlorhexidine
PLOS ONE | DOI:10.1371/journal.pone.0124249 May 8, 2015 13 / 15
extraction. Journal of Cranio Maxill Surg. 2014; 42: 1783–1788. doi: 10.1016/j.jcms.2014.06.015 PMID:
25028067
23. Parahitiyawa NB, Jin LJ, LeungWK, YamWC, Samaranayake LP. Microbiology of odontogenic bacter-
emia: beyond endocarditis. Clin Microbiol Rev. 2009; 22: 46–64. doi: 10.1128/CMR.00028-08 PMID:
19136433
24. Yamalik MK, Yucetas S, Abbasoglu U. Effects of various antiseptics on bacteremia following tooth ex-
traction. J Nihon Univ Sch Dent. 1992; 34: 28–33. PMID: 1588398
25. Greene JC, Vermillion JR. The Simplified Oral Hygiene Index. J Am Dent Assoc. 1964; 68: 7–13.
PMID: 14076341
26. Ramfjord SP. The Periodontal Disease Index (PDI). J Periodontol. 1967; 38 (Suppl): 602–610. PMID:
5237683
27. Loe H, Silness J. Periodontal Disease in Pregnancy. I. Prevalence and Severity. Acta Odontol Scand.
1963; 21: 533–551. PMID: 14121956
28. Relvas M, Diz P, Seoane J, Tomás I. Oral Health Scales: design of an oral health scale of infectious po-
tential. Med Oral Patol Oral Cir Bucal 2013; 18: e664–670. PMID: 23524418
29. Loza E, Planes A, Rodríguez M. Hemocultivos. In: Cercenado E, Cantón R, editors. Procedimientos en
Microbiología Clínica. Spain: Sociedad Española de Enfermedades Infecciosas y Microbiología Clín-
ica; 2003. pp. 1–23.
30. Ruoff KL. Miscellaneous catalase-negative, gram-positive cocci: emerging opportunists. J Clin Micro-
biol. 2002; 40: 1129–1133. PMID: 11923320
31. Altman DG. Missing outcomes in randomized trials: addressing the dilemma. Open Med. 2009; 3: e51–
53. PMID: 19946393
32. Sainani KL. Making sense of intention-to-treat. PM R. 2010; 2: 209–213. doi: 10.1016/j.pmrj.2010.01.
004 PMID: 20359686
33. Tomás I, Álvarez M, Limeres J, Potel C, Medina J, Diz P. Prevalence, duration and aetiology of bacter-
aemia following dental extractions. Oral Dis. 2007; 13: 56–62. PMID: 17241431
34. Carmona IT, Diz Dios P, Scully C. An update on the controversies in bacterial endocarditis of oral origin.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2002; 93: 660–670. PMID: 12142872
35. Tomás Carmona I, Diz Dios P, Scully C. Efficacy of antibiotic prophylactic regimens for the prevention
of bacterial endocarditis of oral origin. J Dent Res. 2007; 86: 1142–1159. PMID: 18037647
36. Bender IB, Naidorf IJ, Garvey GJ. Bacterial endocarditis: a consideration for physician and dentist. J
Am Dent Assoc. 1984; 109: 415–420. PMID: 6592228
37. Segreti J. Is antibiotic prophylaxis necessary for preventing prosthetic device infection?. Infect Dis Clin
North Am. 1999; 13: 871–877, vii. PMID: 10579113
38. Duvall NB, Fisher TD, Hensley D, Hancock RH, Vandewalle KS. The comparative efficacy of 0.12%
chlorhexidine and amoxicillin to reduce the incidence and magnitude of bacteremia during third molar
extractions: a prospective, blind, randomized clinical trial. Oral Surg Oral Med Oral Pathol Oral Radiol.
2013; 115: 752–763. doi: 10.1016/j.oooo.2012.11.019 PMID: 23453612
39. De Blasi RA, Palmisani S, Boezi M, Arcioni R, Collini S, Troisi F, et al. Effects of remifentanil-based gen-
eral anaesthesia with propofol or sevoflurane on muscle microcirculation as assessed by near-infrared
spectroscopy. Br J Anaesth. 2008; 101: 171–177. doi: 10.1093/bja/aen136 PMID: 18524783
40. Sweet JB, Gill VJ, Chusid MJ, Elin RJ. Nitroblue tetrazolium and Limulus assays for bacteremia after
dental extraction: effect of topical antiseptics. J Am Dent Assoc. 1978; 96: 276–281. PMID: 272413
41. García-Caballero L, Quintas V, Prada-López I, Seoane J, Donos N, Tomás I. Chlorhexidine substantiv-
ity on salivary flora and plaque-like biofilm: an in situmodel. PLoS One 2013; 8: e83522. doi: 10.1371/
journal.pone.0083522 PMID: 24386220
42. Quintas V, Prada-López I, Prados-Frutos JC, Tomás I. In situ antimicrobial activity on oral biofilm: es-
sential oils vs. 0.2% chlorhexidine. Clin Oral Investig. 2015; 19: 97–107. doi: 10.1007/s00784-014-
1224-3 PMID: 24687247
43. Boyd RL, Hollander BN, Eakle WS. Comparison of a subgingivally placed cannula oral irrigator tip with
a supragingivally placed standard irrigator tip. J Clin Periodontol. 1992; 19: 340–344. PMID: 1517479
44. Persson GR, Yeates J, Persson RE, Hirschi-Imfeld R, Weibel M, Kiyak HA. The impact of a low-fre-
quency chlorhexidine rinsing schedule on the subgingival microbiota (the TEETH clinical trial). J Period-
ontol. 2007; 78: 1751–1758. PMID: 17760545
45. Fine DH, Korik I, Furgang D, Myers R, Olshan A, Barnett ML, et al. Assessing pre-procedural subgingi-
val irrigation and rinsing with an antiseptic mouthrinse to reduce bacteremia. J Am Dent Assoc. 1996;
127: 641–642, 645–646. PMID: 8642144
Post-Extraction Bacteraemia and Efficacy of Chlorhexidine
PLOS ONE | DOI:10.1371/journal.pone.0124249 May 8, 2015 14 / 15
46. Larner JR, Greenstein G. Effect of calculus and irrigator tip design on depth of subgingival irrigation. Int
J Periodontics Restorative Dent. 1993; 13: 288–297. PMID: 8262724
47. Nasif AS. The incidence of post-extraction bacteremia after irrigation of the gingival sulcus with hydro-
gen peroxide solution. Egypt Dent J. 1977; 23: 51–55. PMID: 369811
48. Witzenberger T, O'Leary TJ, Gillette WB. Effect of a local germicide on the occurrence of bacteremia
during subgingival scaling. J Periodontol. 1982; 53: 172–179. PMID: 7040631
49. Lofthus JE, Waki MY, Jolkovsky DL, Otomo-Corgel J, NewmanMG, Flemmig T, et al. Bacteremia fol-
lowing subgingival irrigation and scaling and root planing. J Periodontol. 1991; 62: 602–607. PMID:
1770419
50. Roberts GJ, Holzel HS, Sury MR, Simmons NA, Gardner P, Longhurst P. Dental bacteremia in children.
Pediatr Cardiol. 1997; 18: 24–27. PMID: 8960488
51. Benítez-Páez A, Álvarez M, Belda-Ferre P, Rubido S, Mira A, Tomás I. Detection of transient bacterae-
mia following dental extractions by 16S rDNA pyrosequencing: a pilot study. PLoS One 2013; 8:
e57782. doi: 10.1371/journal.pone.0057782 PMID: 23469240
Post-Extraction Bacteraemia and Efficacy of Chlorhexidine
PLOS ONE | DOI:10.1371/journal.pone.0124249 May 8, 2015 15 / 15
